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Anatomic exclusion from endovascular repair of
thoracic aortic aneurysm
BenjaminM. Jackson, MD, Jeffrey P. Carpenter, MD, RonaldM. Fairman, MD, G.WilliamMoser, MSN, RN,
Alberto Pochettino, MD, Edward Y.Woo,MD, and Joseph E. Bavaria, MD, Philadelphia, Pa
Objectives: We sought to define the current anatomic barriers to thoracic aortic aneurysm (TAA) stent grafting to guide
future device development.
Methods: All patients presenting with TAA requiring repair were evaluated for endovascular repair during a 4-year period
(2000 to 2004). The TAAs evaluated were those beginning distal to the left common carotid artery (LCCA) and ending
proximal to the celiac artery. All patients in whom endovascular repair was indicated underwent cross-sectional imaging
by computed tomography angiography and three-dimensional modeling of their thoracic and abdominal arterial
anatomy. Patients were evaluated for endovascular TAA repair in the context of the inclusion/exclusion criteria of pivotal
United States Food and Drug Administration trials of the Gore TAG and Medtronic Talent devices. Anatomic
requirements included>20mm of suitable proximal and distal neck length, and proximal and distal neck diameters of 20
to 42 mm. These trials allowed the use of femoral or iliac access, including the use of conduits, and permitted stent graft
coverage of the left subclavian artery (LSA) after preliminary carotid–subclavian bypass. Patients rejected for medical
reasons or who died during evaluation were not included in the review.
Results:A total of 126 patients (73 men, 53 women) with TAA located between the LCCA and celiac artery were screened
for endovascular repair, and 33 (26%) were rejected for anatomic reasons. The remaining 93 patients underwent
endografting (59 Talent, 34 TAG). Rejection was not significantly different by gender (16/73 men, 17/53 women, P
.22, NS). Most patients (28/33) were rejected for more than one criterion. Hostile proximal neck characteristics were the
most prevalent reason for disqualification, despite the ability to cover the LSA to extend the proximal seal zone. Many of
these patients (16/28) also had distal neck anatomy unsuitable for grafting. Overall, 19 patients had hostile distal necks.
Difficulties with vascular access (diseased or tortuous iliac arteries, or a small caliber aorta) that could not be overcome
even by use of conduits occurred in a significant fraction of patients (10/33).
Conclusions: Most patients with a TAA located between the LCCA and the celiac artery can be treated by endovascular
repair. Patients excluded fromTAA stent graft protocols for anatomic reasons most commonly have hostile proximal neck
features that preclude endovascular repair with currently available devices. Transposition of arch vessels to facilitate
greater use of existing stent grafts or development of new stent graft designs are needed to expand the applicability of
TAA endovascular repair. ( J Vasc Surg 2007;45:662-6.)Thoracic aortic aneurysms (TAAs) are currently being
treated, with much success, by using stent grafting1-3; how-
ever, not all patients with TAAs are eligible for these less-
invasive endovascular repairs. Proximal and distal fixation and
involvement of aortic branches in aneurysmal segments have
been identified as barriers to more widespread application of
thoracic endovascular aneurysm repair (TEVAR).4 The anal-
ysis of anatomic features of aneurysms thatmake endovascular
repair challengingor impossiblewill guide the development of
the next generation of devices.
Open repair of TAAs carries significant risks of morbidity
and mortality, including pulmonary and cardiac complica-
tions, bleeding, wound problems, and neurovascular compro-
mise. Although endografting does not eliminate all of these
risks, it is associated with significantly smaller perioperative
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662mortality and a shorter hospital stay.5 Contained ruptures of
TAAs have likewise been successfully treated using
TEVAR,6-8 expanding the applicability of the technique but
further straining the existing approved devices.
Many TAAs cannot be stented without coverage of
branch vessels. Extra-anatomic bypass of visceral vessels,
followed by TEVAR, has been required given the limita-
tions of currently available stents.9-11 Arch vessel bypass has
been widely used to treat aortic arch aneurysms using
TEVAR.12,13 Treatment of thoracoabdominal and aortic
arch aneurysms with fenestrated and branched endografts is
being more widely accepted and applied.14-21
In an attempt to delineate the limitations of the current
generation of endografts, better define the needed design
elements in the next generation, and assess the proportion
of patients with TAA who will not be treatable with current
endografts, we examined isolated descending TAAs, iden-
tifying those patients who were excluded from clinical trials
for widely used thoracic endografts because of hostile ana-
tomic features.
METHODS
Study design. We identified all patients evaluated for
endovascular repair of isolated TAA at the Hospital of the
ubclav
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tients with aneurysmal segments proximal to the left com-
mon carotid artery (LCCA) or distal to the celiac axis were
not included in this study. All patients in whom TEVAR
was indicated underwent cross-sectional imaging by com-
puted tomography angiogram and subsequent three-
dimensional modeling by Medical Metrix Solutions
(MMS, West Lebanon, NH). All patients were evaluated
for either the Gore TAG endoprosthesis (W. L. Gore &
Associates, Flagstaff, Ariz) or the Medtronic Talent graft
(Medtronic, Minneapolis, Minn), or both. Patients were
excluded from TEVAR repair on the clinical judgment of
the surgeons participating in the trials, who were familiar
with the anatomic exclusion criteria defined by the con-
trolled clinical trials sponsored for the two devices (Table
I). After each patient’s anatomy was analyzed, the ex-
cluding features were grouped according to broad cate-
gories: hostile proximal neck, hostile distal neck, or
inadequate access vessels.
Outcomes and follow-up. All patients initially re-
jected for TEVAR repair of a TAA for anatomic reasons
were followed up to assess clinical outcome and eventual
open or endovascular repair.
Statistical analysis. All statistical calculations were
performed by using SPSS software (SPSS Inc, Chicago, Ill).
The Fisher exact test with a two-tailed assumption was used
to assess for gender-based differences in rejection for
TEVAR and for gender-based differences in the anatomic
features leading to exclusion. Data are presented as mean
standard deviation, unless otherwise indicated. Kaplan-
Meier statistics were used to analyze survival of the un-
Table I. Exclusion criteria for sponsored, controlled clinic
Gore TAG
*Nonaneurysmal segment at either neck 2 cm
Diameter at either neck 23 mm or 37 mm
Occluded LCCA or CA
“Significant thrombus” at either neck
Proximal neck angulated 60°
Taper at either neck  4 mm
LCCA, Left common carotid artery; CA, celiac artery.
*Including, where necessary, the segment involving the takeoff of the left s
Table II. Clinical outcomes of the 33 patients excluded
from endovascular stent grafting
Outcome n
TEVAR after LCCA-LSCA bypass 2
TEVAR with partial occlusion of CA 1
Open repair with left atrial-femoral artery bypass 3
Open repair with hypothermic circulatory arrest 2
Not repaired at this institution 25
TEVAR, thoracic endovascular aneurysm repair; LCCA, left common
carotid artery; LSCA, left subclavian artery; CA, celiac artery.treated patients.RESULTS
Between 2000 and 2004, 126 patients (73 men and 53
women) with isolated TAA were evaluated (P  .05), and
33 (26%; 16 men, 17 women, P  .22) were rejected for
TEVAR on anatomic grounds. These patients were gener-
ally 70 years old (25, 75%), their aneurysms were of
significant size, 6.4  1.4 cm, and most (85%) were ex-
cluded for meeting more than one criterion (mean, 2.5 
1.2 criteria).
Clinical outcomes for those patients excluded from
TEVAR are summarized in Table II. Of the 33 patients
excluded, 25 did not undergo repair of their aneurysms at
our institution owing to some combination of relatively
small aneurysms, medical unsuitability for open operation,
and patient unwillingness to undergo open repair. The
exclusion criteria were grouped according to category: 28
patients had hostile proximal neck anatomy, 19 had hostile
distal neck anatomy, and 10 had access anatomy making
TEVAR difficult or impossible. Both the specific excluding
anatomic features and their broad categorization are pre-
sented in Table III.
There was no gender-based difference in proportion of
aneurysms with hostile proximal necks (13 men and
15 women, P  .66), hostile distal necks (11 men and 8
women, P .29), or both (9 men and 7 women, P .49).
Women had a tendency toward being more likely to have
difficult access anatomy (3 men and 7 women, P  .25),
als
Medtronic Talent
*Nonaneurysmal segment at either neck 2 cm
Diameter at either neck 18 mm or 42 mm
Clearance at LCCA or CA 20 mm
“Significant mural thrombus” at either neck
Access vessel “precludes safe insertion of delivery system
ian artery.
Table III. Rejection criteria for all 33 patients, in
compendium
Criteria n Category n
Short proximal neck 16 Proximal neck
anatomy
28
Wide proximal neck 10
Excessive proximal taper 6
Angulated proximal neck 2
Proximal neck thrombus 9
Proximal neck calcification 2
Short distal neck 7 Distal neck anatomy 19
Wide distal neck 5
Excessive distal taper 1
Distal neck thrombus 13
Narrow or tortuous iliac arteries 9 Access anatomy 10
Iliac occlusive disease 1
Narrow aorta 1al tribut this difference did not reach statistical significance.
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anatomic feature(s). This analysis is best depicted in a Venn
diagram (Fig 1). These different patient groups were ana-
lyzed according to clinical outcome. Three groups were of
particular interest, and their anatomic characteristics and
clinical outcomes are discussed here.
First, the group excluded solely because of proximal
neck anatomic features comprised nine patients with prox-
imal descending TAAs. One of these patients underwent
open repair with hypothermic circulatory arrest for an
enlarging symptomatic aneurysm.
Second, 12 patients comprising a cohort of patients
with type I thoracoabdominal aortic aneurysms were ex-
cluded for a combination of proximal neck anatomy and
distal neck anatomy,22 and their clinical outcomes are
summarized in Table IV. One patient underwent TEVAR
and required subsequent celiac axis stent placement be-
cause the thoracic aortic graft had partially covered the
celiac ostium.
Third, those patients excluded solely because of distal
neck anatomic features represented patients with type V
thoracoabdominal aortic aneurysms, arising at or below the
6th intercostal space and ending at or above the renal
arteries.22 Two patients were in this category. One under-
went open repair with left atrial-femoral arterial bypass for a
large expanding aneurysm at our institution. The other
underwent open repair at another institution for a symp-
Fig 1. A Venn diagram demonstrates the clustering of patients
according to exclusion criteria category. Note that fully 28 of 33
patients were excluded at least partly because of an anatomically
hostile proximal neck.
Table IV. Clinical outcomes of 12 patients excluded
from thoracic endovascular aneurysm repair for both
hostile proximal and hostile distal necks
Outcome n
TEVAR repair after LCCA-LSCA bypass 1
TEVAR repair with partial occlusion of CA 1
Open repair with left atrial-femoral artery bypass 1
Refused open repair 1
Not repaired 8
TEVAR, thoracic endovascular aneurysm repair; LCCA, left common
carotid artery; LSCA, left subclavian artery; CA, celiac artery.tomatic aneurysm.Two patients who were initially excluded from TEVAR
eventually underwent carotid–subclavian bypass and en-
dografting (Table II). One was initially excluded because of
a hostile proximal and distal neck anatomy, and the other
was initially excluded because of narrow and calcified access
vessel anatomy as well as hostile proximal neck anatomy. In
the latter patient, access at operation was obtained through
the left common iliac artery; at the conclusion of the
procedure, this artery was narrowed at the site of arteriotomy
repair and required stenting. Also as indicated in Table II, one
patient underwent TEVAR after initially being excluded
because of a hostile distal apposition site. At operation, the
celiac artery ostium was unintentionally partially covered
with the aortic stent, requiring celiac artery stenting at the
conclusion of the procedure.
The mean size of the TAAs in the 25 untreated patients
was 6.3 cm (range, 4.0 to 9.6 cm). Survival of these untreated
patients was analyzed using Kaplan-Meier statistics (Fig 2). As
discussed, one patient underwent repair for symptoms at
another institution and was censored from the analysis on
the date of the surgery. Twelve patients died, and at least 3
of these deaths were attributed to aneurysm rupture. The
mean survival was 3.8 years (95% confidence interval [CI],
2.7 to 4.9 years). In contrast, mean survival of the first 186
TAAs repaired endovascularly in an elective fashion at the
same institution was 4.7 years (95% CI, 4.2 to 5.3 years)
(Dr Wilson Y. Szeto, unpublished data, 2006).
DISCUSSION
This study is a retrospective analysis of 126 patients
presenting for evaluation for repair of isolated TAA. It
Fig 2. Kaplan-Meier survival for those 25 patients who did not
undergo operative repair at our institution.clearly demonstrates that most patients with aneurysms
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TEVAR repair.
Aneurysm anatomic features resulted in 33 patients
being excluded from the clinical trials of thoracic aortic
stent grafts. Most had multiple anatomic features that
would have made stent grafting difficult or impossible with
currently available devices. The most common excluding
anatomic feature was a hostile proximal neck.
The hazards of TEVAR in patients with dilated, short
apposition sites have been identified before, as has the need
for branched designs to enable treatment of aneurysms
involving or adjacent to the aortic arch and visceral seg-
ment. In 2003, Ellozy et al4 studied 84 patients receiving
TEVAR and 101 patients undergoing open repair and
identified three advances required to widen the applicability
and extend the durability of thoracic stents: better proximal
and distal fixation devices, better engineering to resist
high thoracic aortic loads during and after deployment,
and designs to accommodate aneurysms involving
branched aortic segments. Likewise, Criado et al2 advocate
“adjunctive surgical techniques designed to transpose arch
branches” and thereby effectively lengthen the descending
thoracic aorta. Whatever the approach, wider application of
arch vessel bypass or transposition and wider availability
and adoption of branched stent grafts will be necessary to
allow repair of these TAAs.
Distal neck anatomy can also provide significant
technical challenges. As discussed, one patient with a
relatively short distal neck closely approximated to the
celiac access underwent TEVAR with unplanned partial
coverage of the visceral vessel. The celiac axis was subse-
quently stented to reopen the ostium, but improved
distal neck fixation or fenestrated and branched en-
dograft technologies will allow more aggressive interven-
tions in TAAs with hostile distal necks. Multiple authors
have described or advocated combined or staged open
surgical procedures and TEVAR for descending TAAs
adjacent to or involving the visceral segment.9-11 Others
have described modular, fenestrated, and branched stent
graft systems for treatment of these challenging aneu-
rysms entirely endovascularly.14,19
CONCLUSION
The present analysis of clinical outcomes of these
patients reveals that without suitable TEVAR technolo-
gies and techniques, these patients will likely not be
candidates for any type of repair until and unless an
emergency operation becomes necessary. Given the fairly
large maximal diameters of these patients’ aneurysms and
the relatively poor survival documented in those patients
whose aneurysms were never repaired, our inability to
safely and effectively treat these patients with TEVAR
would be expected to have significant consequences
insofar as the development of expansion, symptoms, and
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